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EMISSION SPECTRA OF ACTINIUM 


ETAILED INFORMATION about the configura- 
tion of electrons around the actinium nucleus has 
been obtained in a study of emission spectra of acti- 
nium recently completed by W. F. Meggers, Chief of 
the National Bureau of Standards spectroscopy lab- 
oratory. The results also establish that the elements 
following actinium in the periodic table form a series 
of “rare earths” analogous to the series that follows 
lanthanum.! The spectrograms were made by M. Fred 
and F. S. Tomkins of the Argonne National Labora- 
tory, and the actinium for the study was produced at 
the Argonne laboratory by transmuting radium. 
Because of its low abundance, radioactive insta- 
bility, and lack of commercial uses, actinium has never 
been concentrated in pure form from mineral sources. 
For a long time, therefore, little was known about its 
physical properties. The situation changed during the 
past decade when, after the discovery of nuclear fis- 
sion and the construction of uranium piles, neutrons 
became available in sufficient quantities to produce 
ponderable amounts of any desired element by trans- 
mutation. Thus, several milligrams of actinium were 
made at the Argonne National Laboratory by bombard- 
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ing radium with neutrons, thereby transmuting radium 
of atomic number 88 and mass 226 (.sRa?*°) to actin- 
ium of atomic number 89 and mass 227 (g Ac"). 

Although actinium was artificially prepared pri- 
marily for chemical research, portions of the samples 
were loaned to physicists for investigation of the op- 
tical emission spectra. Because the Argonne labora- 
tory was fully equipped with devices for the safe 
handling of “hot” materials, the actinium spectra were 
photographed there; the spectograms were then shipped 
to the National Bureau of Standards, where they were 
measured and interpreted. 


Earlier Studies 


In 1899, André Debierne, assistant to Madame Curie, 
discovered a new chemical element in pitchblende. 
After chemically removing uranium, polonium, and 
radium, he found a residue 100,000 times more radio- 
active than uranium. He called this new element 
actinium. 

After many years of research in radioactivity it has 
been established that actinium occurs in nature only 
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Actinium, natural and manmade. 


Below: The series of radioactive 
nuclides to which natural actinium 
belongs. As the chart shows, nat- 
ural actinium is derived from ura- 


nium-235, by way of thorium-231 
and protactinium-231. Actinium de- 
eays relatively rapidly (half-life, 22 


yr) and the nuclides derived from 
it decay even more quickly until the 
stable end product, lead-82 (;.Pb*") 
is reached. Natural actinium is 
therefore extremely rare and could 
| not be studied adequately until it 
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was produced artificially by the 
transmutation of radium. Above: 
A schematic representation of the 
process by which actinium was arti- 
ficially prepared at Argonne Na- 
tional Laboratory by irradiating ra- 
dium-226 with a beam of neutrons. 
Spectrograms of the actinium so 
produced were measured and inter- 
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as the daughter of protactinium, which in turn results 
from the spontaneous decay (emission of alpha and 
beta particles) of the relatively rare isotope of uranium, 
o2U?*°—_the isotope that produced the first atomic bomb. 
The half-life of actinium is only 22 years, and its un- 
stable atoms quickly decay to a stable end product, 
actinium-lead (s,Pb°°7). For this reason, the abun- 
dance of actinium in igneous rocks is only about 
3X 10° gram per metric ton, i. e., three parts in 10". 

About 30 years ago the quantum theory of atomic 
spectra had developed to the point where all atomic 
and ionic spectra could be interpreted in terms of 
energy levels described by quantum numbers and spec- 
tral terms were correlated with configurations of the 
outer (optical or valence) electrons. This provided 
a positive and practically unique method of determin- 
ing the electronic structure of any and all atoms, thus 
giving meaning to the periodic arrangement of the 
chemical elements that the Russian chemist, D. Men- 
deléef, had proposed in 1869. The method could not 
be applied to actinium, however, until sufficient quan- 
tities of the pure element were available. 

In the modern periodic chart of the atoms, scandium, 
yttrium, lanthanum, and actinium each occupy third 
place in the 4th, 5th, 6th, and 7th periods, respectively. 
All have three electrons in the outer, unfilled “‘shells” 
and, consequently, have similar chemical properties. 
In the language of the chemist, they are homologous 
trivalent elements. The emission spectra of scandium, 
yttrium, and lanthanum were described, interpreted, 
and published by the Bureau between 1924 and 1932. 
In each case it was found that the normal electron con- 
figuration includes one of typed.” This suggested that 
instead of 8 elements as in the two previous periods, 
the 4th, 5th, and 6th periods could contain at least 
18 elements, because 10 electrons of type d are permitted 
by the Pauli exclusion principle. 

' Although the spectra of scandium, yttrium, and lan- 
thanum exhibited common features, as just indicated, 
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preted by NBS. 


the spectra of ionized lanthanum proved to be more 
complex than those of the other two elements. It was 
necessary to conclude that additional excited states 
of lanthanum are caused by the presence of electrons 
in f orbits, thus anticipating the firmer binding of type 
f electrons in the elements immediately following lan- 
thanum in the periodic table. The presence of f-type 
electrons gives the 6th period a total of 32 elements, 
as the exclusion principle permits 14 electrons of that 
type to be added. The extra 14 elements in period 6 
are commonly called “rare earths” or “lanthanides.” 


Method and Results 


Although Bureau scientists were eager in 1932 to 
investigate the spectra of actinium to see if they re- 
sembled those of lanthanum, it was necessary to wait 
until a sample of actinium was synthesized from radium 
and neutrons. For the present study, the Argonne 
spectroscopists made arc and spark spectrograms of 
actinium by “burning” one-milligram samples on silver 
electrodes and again on copper electrodes. The two 
kinds of electrodes were used so that any spectral lines 
of actinium that were masked by silver lines could be 
seen in the copper spectra, and vice versa. Two dif- 
ferent excitations, arc and spark, were employed in 
order to distinguish actinium lines (Ac 1) emitted by 
neutral atoms from those (Ac 11) belonging to singly 
ionized atoms, or those (Ac 111) that arise from doubly 
charged ions. More intense spectral lines were ob- 
tained, at the expense of reduction in the wavelength 
range that could be photographed, by the use of a 
diffraction grating with a “blaze”, i. e., with specially 
shaped saw-tooth rulings. 

Although blaze of grating and smallness of sample 
restricted the spectral observations to the visible and 
near ultraviolet regions, the data were adequate tc 
reveal the principal features of the first three spectra 
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Are and Spark Spectra of Ag + Ac 


A small portion (about 3 percent) of the are and spark spectra of silver plus actinium, showing how the actinium 
lines are sorted into three successive spectra. Lines 4397, 4462, and 4476, which are stronger in the upper (are) 
spectrum, represent neutral actinium atoms (Ac 1); lines 4359, 4386, and 4452, of about equal intensity in both 
spectra, belong to singly ionized actinium (Ae t) ; and line 4413, which is stronger in the spark spectrum, arises from 
doubly ionized actinium (Ac 111). Dots near middle are ink marks made on original spectrogram to “spot” lines 
that did not appear on a similar spectrogram of pure silver; most of the spotted lines belong to actinium. Photo- 
graphed by the Argonne National Laboratory and analyzed by the Bureau, these spectrograms give the first definite 
information about the electron structure of the actinium atom and show that it initiates a series of “rare earths” 


similar to that which follows lanthanum. 


of actinium. Wavelengths were measured and inten- 
sities estimated for approximately 500 lines in the 
wavelength range from 2062 to 7887 angstroms. The 
measured wavelength of each line was first converted 
to the vacuum wavenumber (number of wavelengths 
per centimeter in vacuum), which is proportional to 
radiation frequency or atomic energy emitted per 
photon. Then constant differences between the wave 
numbers were sought. In this way atomic energy 
levels were found from each of the spectra, and these 
levels could then be interpreted as spectral terms that 
arise from a specific electron configuration according 
to rules given by the quantum theory. 

Analysis of the spectra shows the ground state of 
Ac 1 to be (7s) ?So4; that of Ac 0 (7s?) 1S); and that 
of Act is (6d 7s?)*D,3. Thus, it is shown that neutral 
actinium atoms, just like those of scandium, yttrium, 
and lanthanum, each have one d-type and two s-type 
electrons as valence bonds. Again, it is found that 
Ac m1, like La 11, is more complex than either Sc 11 or 
Y 11; and to explain the extra lines it is again necessary 
to conclude that, in excited states, electrons of type f 
as well as type p are present, though less tightly bound. 
This is the most spectacular result of the investigation. 
It shows that actinium introduces, in the 7th period, 
another group of 14 rare earths in which f-type elec- 
trons will be more or less firmly incorporated into the 


outer structure of the heavier elements: thorium, pro- ~~ 


tactinium, uranium, neptunium, plutonium, etc. 
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Between 1926 and 1946, there was much theoretical 
speculation * about the first appearance of f-type elec- 
trons in the outer structure of neutral heavy elements. 
Most authorities continued to regard thorium, pro- 
tactinium, and uranium as homologs of hafnium, tan- 
talum, and tungsten, respectively, which have only d 
and s electrons. In 1946, spectroscopic investigations 
of the first spectrum of uranium * were published which 
proved conclusively that the normal electron configu- 
ration of uranium was f* d' s* (i. e., three f, one d, and 
two s electrons). Since that time no further informa- 
tion of this kind has been disclosed, but the present 
work on actinium spectra indicates that f-type electrons 
will appear only in highly excited states of Th 1, and 
that the normal electron configuration of neutral thori- 
um atoms will indeed be found to be d’s*. It seems 
probable that type f electrons will first be found in the 
normal configuration of protactinium atoms. 


* For further technical details, see The emission spectra 
of actinium, by W. F. Meggers, M. Fred, and F. S. Tom- 
kins, J. Research NBS (in press). 

* Literal symbols, s, p. d, f, stand for electrons having 
angular orbital momentum of 0, 1, 2, 3 units of h/2r, re- 
spectively. They correspond to “subshells” in the older 
shell picture of the atom. 

* Electron configurations of “rare earth” elements, by 
W.F. Meggers, Science 105, 514 (May 1947). 

* Preliminary description and analysis of the first spec- 
trum of uranium, by C. C. Kiess, C. J. Humphreys, and 
D. D, Laun, J. Research NBS 37, 57 (July 1946) RP1729., 
The information in this paper was first made available 
in February 1944 to the Manhattan Project. 


ELECTROPLATING LIGHT METALS 
FROM ORGANIC SOLUTIONS 


‘ie BUREAU has succeeded in electrodepositing sev- 
eral of the refractory and light metals or their al- 
loys from organic solutions. The metals deposited 
include beryllium and alloys of magnesium, titanium, 
or zirconium with aluminum.’ The deposits were pro- 


duced by plating techniques developed in connection 
with a Bureau program to seek means for electrode- 
positing metal coatings and electroforming the refrac- 
tory metals. 


In the course of the work, improvements 


have also been made in the NBS process for electro- 
depositing aluminum.” Except for aluminum, the plat- 
ing of the refractory and light metals is not yet com- 
mercially practicable. The work has been conducted 
by Jean H. Connor, W. E. Reid, Jr., and Gwendolyn 
B. Wood, under the direction of Abner Brenner of the 
Bureau staff and supported by the Wright Air Devel- 
opment Center, Army Ordnance, and the Atomic Ener- 
gy Commission. 

The refractory and light metals have many special 
properties that make them particularly important to 
modern industry and the armed services. Titanium, 
and zirconium are corrosion resistant and have rela- 
tively high melting points. They are also light and 
strong. "Gone has a larger ratio of strength to 
density than aluminum. These metals would thus be 
very valuable either as protective coatings on other 
metals or for electroforming. However, their deposi- 
tion potentials are so far above hydrogen in the elec- 
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tromotive series that none of them can be deposited 
from aqueous solutions. The Bureau therefore de- 
cided to investigate fused salts and organic solutions 
as baths for electrodepositing the light and refractory 
metals. In the present studies, the best deposits of 
these metals were obtained from halides, hydrides, boro- 
hydrides, and organometallic compounds, dissolved in 
ether. Fused salts baths yielded the metals only in 
the form of powder, flakes, or dendrites. 


Model strip plater built to demon- 
strate the commercial possibilities 
of the aluminum plating bath. A 
roll of the basis metal in strip form 
is mounted at the left (A). The 
metal strip is drawn through suc- 
cessive compartments where it is 
etched (B), rinsed (C), dried, plated 
(E), rinsed again (F), and dried 
(G). The metal is guided in and 
out of the plating bath by threading 
the strip over rollers through two 
rubber-edged slits (D) placed in the 
top of a closed glass tank containing 
the solution. 


Deposits 


As yet, electrodeposits of pure titanium and pure 
zirconium have not been obtained from organic solu- 
tions. However, alloys of these metals with aluminum 
were deposited from ether solutions containing com- 
plex metal compounds. The alloys produced were 
titanium-aluminum (6% of Ti) and zirconium-alumi- 
num (45% of Zr). Good deposits of magnesium- 
aluminum (6% of Mg) were also obtained. 

Coherent deposits containing 97 percent of beryl- 
lium have been produced at the Bureau from an ether 
solution of beryllium halides and alkyls. A _ brittle, 
coherent alloy containing 70 percent of beryllium and 
30 percent of boron was obtained from an ether solu- 
tion of beryllium borohydride. Fine black powders 
of beryllium have also been produced by electrolysis 
of ether solutions of beryllium halides or alkyls. These 
deposits contain 92 percent of beryllium. 
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Although smooth, coherent aluminum deposits from 
hydride baths have been produced at the Bureau for 
several years, recent improvements have increased bath 
stability and operating life as well as the thickness of 
the coatings. Aluminum coatings having good adhe- 
sion have been obtained on a number of the common 
base metals, including copper and steel. 

The commercial possibilities of the aluminum bath 
were demonstrated by a model strip plater designed 
by the Bureau. A roll of the basis metal in strip form 
is mounted at one end of the plating apparatus. The 
metal strip is unwound and led through successive com- 
partments, where it is acid-etched, rinsed, and dried. 
Then the metal is guided in and out of the plating bath 
by threading the strip over rollers through two rubber- 
edged slits placed in the top of a closed glass tank 
containing the solution. After leaving the plating bath 


through the second opening, the plated strip is rinsed 
and dried. 


Solvents and Solutes 


Before determining the plating ability of any solu- 
tion, the Bureau obtained qualitative data on the solu- 
bilities and conductivities of a number of purified 
solutes and solvents. For example, different concen- 
trations of lithium aluminum hydride and aluminum 
chloride in ether were electrolyzed at various current 
densities and temperatures. The data obtained were 
used in formulating the various plating solutions to be 
investigated. 

Essentially, the organic solvent and the solute con- 
taining the metal must be capable of coordination to 
form a loose or ionizable complex. Not only is it diffi- 
cult to predict without physical experiment whether or 
not a given solution will conduct, but most nonaqueous 
solutions that are good conductors yield no metal on 
electrolysis. 

After investigating a number of solvents, the Bureau 
found that the ethers, particularly ethyl ether, are the 
most effective solvents for organic plating baths. The 
more reactive organic liquids, like the alcohols and 
amines, do not form plating baths with the organome- 
tallics and borohydrides. Solvents containing a hy- 
droxyl or carbonyl group form too stable a complex 
with metal derivatives to conduct, whereas the paraflin 
hydrocarbons and their halogen derivatives usually do 
not coordinate with the metallic compounds. 

Many of the solutes studied were spontaneously flam- 
mable and dangerous to work with, thus requiring 
special handling equipment. Therefore, an inert 
atmosphere chamber® was designed that could be 
controlled to be either moisture-free, oxygen-free, or 
both. Using this equipment, it is possible to filter, dis- 
till, transfer, or weigh reactants or products without 
contamination from water, carbon dioxide, or oxygen. 
Special electrolysis cells having inert atmospheres were 
also designed. These cells were used when investigat- 
ing small quantities (25 to 50 ml) of the plating solu- 
tions that contained the flammable solutes. 

In general, the organometallics, borohydrides, hy- 
drides, and halides were found to be the most useful 
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Special cells for electrolysis of nonaqueous solutions at 
NBS. (Left) cell with mercury seal for escape of excess 
vapor and (right) cell with condenser for volatile liquids. 


solutes for organic plating baths. A combination of 
two of these generally produced the best results. How- 
ever, the most effective solute for each element is 
sharply selective. For example, beryllium dimethyl in 
ether yielded a fine black beryllium powder on elec- 
trolysis, whereas an ether solution of beryllium 
diphenyl did not even conduct. The borohydrides of 
beryllium and aluminum in ether yielded coherent me- 
tallic deposits, whereas similar solutions of titanium and 
zirconium borohydrides did not conduct. The choice 
of solutes was further limited by the lack of solubility 
of some metallic compounds in organic solvents. 

An essential part of the Bureau’s electrodeposition 
program has been the preparation of complex metallic 
compounds (solutes) not commercially available. In 
some instances, new production methods were developed 
or improvements made for enlarging the yields. For 
example, an ether-vapor method for the isolation of 
beryllium dimethyl, and techniques for the hydrogen 
reduction of titanium tetrachloride to the trichloride 
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Special procedures were also devel- 
oped for preparing titanium borohydride, zirconium 
aluminum hydride, and a phenyl derivative of zirco- 


were improved. 


nium. It is hoped that the continued development of 
new compounds, as well as methods for their synthesis 
and application, will permit electrodeposition of addi- 
tional refractory and light metals in both pure and al- 
loyed forms. 


‘Electrodeposition of metals from organic solutions: 

I. General survey by Abner Brenner. J. Electrochem. 
Soc. 103, 652 (1956). 

Il. Further studies on the electrodeposition of alumi- 
num from a hydride bath, by Jean H. Connor and Abner 
Brenner, ibid 103, 657 (1956). 


Inert atmosphere chamber used in 
handling spontaneously flammable 
metallic compounds for organic 
plating baths. The chamber can 
be controlled to be either moisture 
free, oxygen free, or both. Manip- 
ulations are performed through the 
ports to which shoulder-length rub- 
ber gloves are cemented. 


III. Preparation and electrolysis of titanium and zirco- 
nium compounds in nonaqueous media, by W. E. Reid, 
J.M. Bish, and Abner Brenner, ibid 104, (January 1957). 

IV. Electrodeposition of beryllium and beryllium alloys, 
by Gwendolyn B. Wood and Abner Brenner, ibid 104 
(January 1957). 

V. Electrodeposition of magnesium and magnesium 
alloys, by Jean H. Connor, Walter E. Reid, Jr., and 
Gwendolyn B. Wood, ibid 104 (January 1957). 

*See A hydride bath for the electrodeposition of 
aluminum, by D. E. Couch and A. Brenner, J. Electro- 
chem. Soc., 99, 234 (June 1952) ; also see New alumi- 
num-plating process, NBS Tech. News Bul. 36, 86 
(1952) . 

“See An inert atmosphere chamber for laboratory 
chemical operation, by J. M. Sherfey, Ind. Eng. Chem. 
46, 435 (1954); also see Inert atmosphere chamber, 
NBS Tech. News Bul. 38, 61 (1954). 


RHEOLOGY SECTION ESTABLISHED 


RHEOLOGY SECTION has been established in 

the Heat and Power Division of the Bureau. Rhe- 
ology, the study of the deformation and flow of matter, 
enters into almost all types of physical investigations 
and a great deal of rheological work is carried out in 
many other sections of the Bureau in connection with 
investigations of the properties of matter. The pur- 
pose of this new section is to develop and improve 
techniques of rheological measurement in general 
rather than for application to any specific materials, 
and to develop and maintain rheological standards 
that are, or may be in the future, of importance to 
workers in a wide variety of fields. 

As our understanding of the relationships between 
various rheological properties of a material has grown, 
the industrial importance of rheological measurements 
has increased. Many such properties, viscosity being 
perhaps the outstanding example, are used extensively 
for the specification of raw materials or for determin- 
ing the conditions under which a given batch of mate- 
rial will be processed. It is quite likely that rheologi- 
cal measurements not commonly used and perhaps not 
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known at all today will become of industrial impor- 
tance in the future. In addition, many rheological 
properties need to be known more precisely than they 
are at present to check various theoretical expressions 
relating the behavior of matter to its structure. 

Specific examples of work in this new section in- 
clude techniques for measurement of the viscosity of 
liquids and measurements of stress-strain-time rela- 
tions in the region of nonlinear behavior. In con- 
nection with the first field, efforts will be made to 
improve and extend the series of standard viscosity 
oils now issued by the Bureau and widely used for the 
calibration of viscometers. Our knowledge of non- 
linear behavior is not yet sufficient to require establish- 
ing material standards in this range, but it seems 
probable that either standard methods of measurement 
or material standards will be required in this field also 
in the near future. It is part of the responsibility of 
the Bureau to participate in investigations in new and 
expanding fields of this type to an extent that will 
enable it to continue to discharge its standards respon- 
sibilities to the Nation. 
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Radiation Monitoring With Ordinary Roll and Dental Films 


A RECENT STUDY by the Bureau shows that radi- 
ation exposure resulting from an atomic blast 
can be estimated from the fogging of ordinary photo- 
graphic and dental X-ray film.t. A convenient means 
is thus provided for reconstructing, at least approxi- 
mately, the pattern of radiation distribution over dif- 
ferent sections of a community in the event of such 
a disaster. 

The Bureau determined the feasibility of film moni- 
toring during an atomic attack by surveying the loca- 
tion of drug stores stocking film in 51 major cities 
throughout the United States, and found the distribu- 
tion sufhcient for obtaining the radiation pattern. In 
the study that was conducted for the Federal Civil 
Defense Administration by M. Ehrlich of the Bureau’s 
radiation physics laboratory, conditions that would 
prevail in an actual radiation survey were simulated 
as far as possible. Only film that would be generally 
available in drug stores and dental offices was used, and 
when possible it was kept in its original package dur- 
ing exposure. Previous investigators * determined the 
effect of X- and gamma radiation on various film types 
in laboratory tests only; to insure a realistic study, the 
Bureau not only carried out laboratory tests, exposing 
film to radiation of a number of different qualities but 
also exposed film to the prompt radiation from an 
atomic explosion at the Nevada test site. 


with other survey instruments at the Nevada test site 
indicate at least order-of-magnitude agreement (tables 
land2). Exposing the dental films in special metallic 
holders,* designed by the Bureau to make film response 
independent of radiation quality, actually decreased the 
accuracy of the exposure estimate. 

In processing dental films to survey radiation ex- 
posure, a liquid X-ray developer would probably be 
used, as it was in the Bureau’s tests. However, the 
amateur roll films would undoubtedly be developed com- 
mercially. Therefore, three rolls of the film exposed 
to the same laboratory radiation were processed in 
three different commercial laboratories, revealing that 
processing techniques differ enough to cause disagree- 
ment in the interpretation of the results. It was con- 
cluded that in making a study of radiation distribution, 
all films must be processed in one laboratory along 
with calibration films exposed to known amounts ot 
radiation of known energy. 


’ Disaster monitoring with amateur photographic film 
and with dental X-ray film, M. Ehrlich, Radiology 68, 
251 (Mar. 1957). 

* Disaster monitoring with amateur and commercial 
photographic films, G. M. Corney and H. M. Cleare, 
Nucleonics 13, 40 (Aug. 1955). 

* Photographic X- and gamma ray dosimetry, M. Ehrlich 
and S. H. Fitch, Nucleonics 9, 5 (Sept. 1951). 


Radiation affects the density Bian lipthe present TABLE 1. Response of commercial amateur black-and-white 
Vis : : Pp roll film to radiation from fission 
study, the densities of the films exposed in the field 
were interpreted from density-exposure relations ob- Comparison with readings of other instruments 
tained in the laboratory for exposures to known 
rae ts b ° Dose interpretation from density 
amounts of cobalt-60 gamma radiation. Film sensi- 
tivity, usually defined as the reciprocal of the exposure eer Kodak Other field 
required for unit density, is greatest for a certain range = miosis 
of low radiation energies. In the laboratory test, for Plena- | Su-| | Super] Veri- | Super | Plus 
é Gave oats I } reme é me XD x 
which radiation consisting of narrow energy bands ies Sasa aera | a 
was employed, the response of one dental film was : 
found to be 25 times greater at 0.20 Mev than at 1.25 ee La ogee oe Sa? arya 
e Fae oO. oO. o. . 5 b iO 4. « 
Mey, and that of one roll film 40 times greater. In 49 56 | 50 74 64 ii Ke 
ore ; 9.0 14 8.0 9.2 9.4 | 94 | 9.4to019 
the field, where radiation may be composed of a wide re a A Bi A 4 ee 
band of energies, the presence of a strong low-energy a At 30 37 40 31 35 to 72, 
. . . ( 94 10 15d 
component may lead to a considerable overestimation 66 100 64 160 125 86 | 135 to 250 
: : Saturated | 160 | 115 | ~500 240 | 230 | 255 to 460 
of exposure. However, comparisons between the eXx- FAST ool cy cite Ge tated 200d nos ale a0 to 630 
posure values obtained with film and those obtained 
TABLE 2. Response of dental X-ray films to radiation from fission 
Comparison with readings of other instruments 
Dose interpretation from density 
= Other 
: eld 
Dupont Kodak oy Rinn ee 
= M Le ae THT 
D-1 LF | DFY| DF-58 EF-1 DCt 
fe r Ti r r r Tr ‘g 
3.0 4.0 3.1 3.7 4.4 5.0 36 | 25t04.5 
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REVERSAL OF PARITY L 


ECENT low-temperature experiments at the Na- 

tional Bureau of Standards have demonstrated that 
the quantum mechanical law of conservation of parity 
does not hold in the beta decay of cobalt-60 nuclei.’ 
This result, together with experiments on parity con- 
servation in p-meson decay at Columbia University’s 
Nevis Cyclotron Laboratories, shatters a fundamental 
concept of nuclear physics that has been universaily 
accepted for the past 30 years. It thus clears the way 
for a reconsideration of current physical theories with 
the possibility of new, far-reaching discoveries re- 
garding the nature of matter and the universe. 

In particular, removal of the restrictions imposed 
by parity conservation promises to bring order to the 
theoretical chaos now existing in regard to subatomic 
particles. It is generally held that the new “elemen- 
tary” particles from proton accelerators are manifes- 
tations of the forces that bind the nucleus together. 
Thus, a better understanding of these particles may 
well lead to a more fundamental, unifying theory of 
the nature of matter and energy. 

The beta-decay experiments were carried out by C. 
S. Wu of Columbia University and NBS staff members 
Ernest Ambler, Raymond W. Hayward, Dale D. 
Hoppes, and Ralph P. Hudson. The Bureau’s low 
temperature laboratory was chosen for the experiments 
because of its previous experience in low-temperature 
alinement of atomic nuclei,” an essential feature of the 
beta-decay study. 

Basically, parity conservation in quantum mechanics 
means that two physical systems, one of which is a 
mirror image of the other, must behave in identical 
fashion except for the mirror image effect. In other 
words, nature is symmetrical and makes no fundamen- 
tal distinction between right- and left-handed rota- 
tions or between the opposite sides of a subatomic 
particle. Thus, for example, two similar radioactive 


particles spinning in opposite directions about the 
same axis should emit the same intensity of radio- 
activity in any given direction. Neither the right- nor 
the left-handed rotation should be favored by a greater 
intensity of emission so long as parity is conserved. 

Since 1925 physicists have accepted the principle 
that parity is conserved in all types of interactions. 
During the past few years, however, phenomena have 
been described in high-energy physics that could not 
be explained by existing theories. Large accelerators 
such as the Cosmotron and Bevatron have been pro- 
ducing a variety of subatomic particles whose behavior 
has defied systematic analysis. One such particle is 
the K meson, a short-lived particle which the proton 
beam ejects from atomic nuclei. Although K mesons 
are alike in all significant ways, some of them decay 
into three z mesons whereas others decay into only 
two 7 mesons. Mathematically this inconsistent be- 
havior led to the suspicion that an explanation might 
be found in a violation of the principle of conservation 
of parity. 

In the summer of 1956 T. D. Lee of Columbia Uni- 
versity and C. N. Yang of the Institute for Advanced 
Study made a survey * of experimental information on 
the question of parity. They concluded that the evi- 
dence then existing neither supported nor refuted par- 
ity conservation in the so-called “weak interactions’ . 
such as emission of a beta particle or K-meson decay. 
They also proposed a number of experiments on beta 
decays and hyperon and meson decays that would pro- 
vide the necessary evidence for or against parity con- 
servation in weak interactions. One of the proposed 


experiments involved measuring the directional in- 
tensity of beta radiation from oriented cobalt-60 nuclei. 
At the suggestion of Professor Wu of Columbia, ar- 
rangements were made to carry out this experiment in 
the Bureau’s low temperature laboratory. 
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Idealized drawing shows polarization of cobalt-60 nuclei in a 
magnetic field at a temperature near absolute zero. The 
nuclei behave as small spinning magnets whose north poles 
are conventionally taken to be the direction of right-handed 
spin. Thus, at very low temperatures, where atoms lose 
most of their random thermal motion, the nuclei line up in a 
magnetic field so that their spin axes are parallel. The re- 
cent experiments at the Bureau showed that emission of 
electrons in beta decay of cobalt-60 nuclei is greater in the 
direction of the south pole of the nucleus, as indicated in 
the drawing. 


Left: Putting outer Dewar flasks on glass vacuum chamber 
containing sample of cobalt-60. Center: The assembly is 
then placed between the poles of a powerful magnet for 
magnetic cooling to about 0.003° K. (Electronic scalers for 
recording radiation are in background.) Right: After cool- 
ing, the cobalt-60 nuclei are polarized by the magnetic field 
from a solenoid, here being placed around lower end of 
cryostat containing specimen before swinging apparatus back 
into center of large magnet (rear). 
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Polarization of the nuclei was achieved by cooling 
a paramagnetic crystal containing cobalt-60 to within 
0.01 degree (centigrade) of absolute zero, and subject- 
ing it to a magnetic field. At this temperature the 
effects of thermal agitation are so small that atomic 
nuclei can line up in a given direction within the crystal 
lattice when a magnetic field is applied. 

The magnetic polarity of the nucleus is determined 
by its direction of spin, and, under the influence of a 
magnetic field, most of the cobalt-60 nuclei aline them- 
selves so that their spin axes are parallel to the field. 

As cobalt-60 is radioactive, its nuclei continuously 
emit beta and gamma rays. If parity is conserved in 
such interactions, then the intensity of the beta emission 
should be the same in either direction along the axis of 
spin. This, of course, was the critical question in the 
cobalt-60 experiments. It was resolved by measuring 
the intensity of beta emission in both these directions, 
i. e., along and against the field direction. 

The cobalt-60 was located in a thin (0.002-in.) sur- 
face layer of a single crystal of cerium magnesium ni- 
trate. The crystal was placed in an evacuated flask 
which in turn was immersed in liquid helium within a 
Dewar flask surrounded by liquid nitrogen. An induc- 
tance coil on the surface of the inner flask was used to 
measure the temperature of the crystal in terms of its 
magnetic susceptibility. 

A major experimental problem was the location of 
a radiation counter within the evacuated flask for detec- 
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tion of beta particles. This problem was solved by 
placing a thin anthracene crystal inside the chamber 
to serve as a scintillation counter. The anthracene 
crystal was located about 2 cm above the cobalt-60 
source. Scintillations caused by beta particles strik- 
ing the crystal were transmitted through a glass window 
and a 4-ft lucite tube acting as a light pipe to a photo- 
multiplier at the top of the flask. The resulting pulses 
were counted on a 10-channel pulse-height analyzer. 
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Apparatus used to study beta decay 
in polarized cobalt-60 nuclei. The 
specimen, a cerium magnesium ni- 
trate crystal containing a thin sur- 
face layer of radioactive cobalt-60, 
is supported in a cerium magnesium 
nitrate housing within an evacuated 
glass vessel (lower half of photo- 
graph). Ananthracene crystal about 
2 cm above the cobalt-60 source 
serves as a scintillation counter for 
beta-ray detection. Lucite rod (up- 
per half of photograph) transmits 
flashes from the counter to a photo- 
multiplier (not shown). Magnet on 
either side of the specimen is used 
to cool it to approximately 0.003° 
K by adiabatic demagnetization. 
Inductance coil is part of a magnetic 
thermometer for determining speci- 
men temperature. 


In addition to the beta counter within the vacuum 
chamber, two sodium iodide gamma scintillation count- 
ers were used externally to measure the directional in- 
tensity of the more penetrating gamma radiation. In 
this way the investigators were able to determine the 
degree of polarization of the cobalt-60 nuclei. The 
two gamma counters were biased to accept only the 
pulses from the photopeaks in order to discriminate 
against pulses from Compton scattering. 

Cooling to the low temperature necessary for nuclear 
alinement was accomplished by the process of adiabatic 
demagnetization using a magnetic field of about 23,000 
oersteds. This process involved successive magnetiza- 
tion and demagnetization of the paramagnetic salt, 
cerium magnesium nitrate, which supported the cobalt- 
60 specimen. The heat produced by magnetization was 
removed by the boiling off of liquid helium in the sur- 
rounding Dewar. The specimen was then thermally 
isolated and upon demagnetization the temperature fell 
to about 0.003° K. 

A vertical solenoid was then raised around the lower 
end of the outer Dewar to provide a magnetic field 
for polarization of the cobalt-60 nuclei. After the beta 
emission had been measured for this condition, the 
direction of the magnetic field was reversed, and the 
beta emission again measured for nuclei polarized in 
the opposite direction. It was found that the emis- 
sion of beta particles is greater in the direction oppo- 


NBS scientist adds liquid nitrogen refrigerant to outer 
flask of cryostat containing sample of cobalt-60. The 
large magnet below is used to cool the cobalt sample to 
about 0.003° K by the adiabatic demagnetization method. 
Gamma ray counters for determining the degree of polar- 
ization of the cobalt are visible at left and lower right, 
amplifier for beta-ray counter at upper center. 
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Scientists assemble low-temperature 
equipment used in recent experi- 
ments which disproved the principle 
of conservation of parity in nu- 
clear physics. The vertical tube 
(upper right) contains radioactive 
cobalt-60, a beta-ray counter, and a 
temperature measuring deyice. A 
vacuum flask (lower left) is being 
placed around the tube to help keep 
it at a low temperature. 


site to that of the nuclear spin. Thus, a spinning 
cobalt-60 nucleus has a beta emission distribution that 
is not the same as that of its mirror image. This re- 
sult unequivocally demonstrates that parity is not con- 
served in the emission of beta particles by cobalt-60. 

A second experiment was then performed using 
cobalt-58, which is a positron emitter. In this case 
the opposite effect was observed, namely that 8+ 
particles are preferentially emitted along the direction 
of the nuclear spins. This provided additional con- 
firmation of the theory and constituted a convincing 
demonstration of the basic validity of the experiments. 

According to the theoretical studies of Professors 
Lee and Yang, the present experiment indicates not 
only that conservation of parity is violated in beta de- 
cay, but also that invariance under charge conjugation 
is violated. This can be interpreted to mean that 
when the algebraic signs of all electric charges in a 
physical system are changed, the physical behavior of 
the system may not always remain unaltered. Quite 
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recently, Lee and Yang have developed a new theory 
for the neutrino as a result of the foregoing work.” 
Further low-temperature studies of beta decay are 


proceeding at the Bureau. In this work it is hoped 
that the invariance of time reversal—changing the alge- 
braic sign of time in time-space equations—can he 


decided. 


‘For further details, see An experimental test of parity 
conservation in beta decay, by C. S. Wu, E. Ambler, 
R. W. Hayward, D. D. Hoppes, and R. P. Hudson, Phys. 
Rev. 105, 1413 (1957). 

* Low-temperature alinement of radioactive nuclei, 
NBS Tech, News Bul. 40, 49 (April 1956). See also, 
E. Ambler, R. P. Hudson, and G. M. Temmer, Phys. Rev. 
97, 1212 (1955) ; and 101, 1096 (1956). 

°T. D. Lee and C. N. Yang, Phys. Rev. 104, 254 
(1956). 

*T. D. Lee, Reinhard Oehme, and C. N. Yang, Phys. 
Rev. (in press). 

°T. D. Lee and C. N. Yang, Phys. Rev. (in press). 


Measurement of Ferromagnetic Core Losses 


at High Flux Densities 


aK TECHNIQUE for determining ferromag- 
netic core losses at high flux densities has been 
developed at the Bureau. It is the result of analyzing 
the a-c bridge circuits commonly used for loss measure- 
ments and applying a correction term for the effect of 
the harmonic components of the exciting current. This 
correction term arises because the ferromagnetic mate- 
rial absorbs energy at the fundamental frequency and 
returns a portion of the energy at harmonic frequencies. 
The investigation was carried out by I. L. Cooter and 
W. P. Harris of the Bureau’s magnetic measurements 
laboratory. 

Alloys of iron and silicon are extensively used in the 
electrical industry for magnetic circuits in such a-c or 
d-c equipment as generators, motors, transformers, and 
relays. In magnetic circuits where there are no flux 
changes in magnitude or direction, there are no energy 
losses. However, when the flux does vary, the mag- 
netic material dissipates energy in the form of heat. 
Consequently, a knowledge of the total energy loss of 
magnetic material is important to the engineer in eco- 
nomically designing efhcient equipment. 

Generally, core-loss information is obtained from 
measurements on strip samples in an Epstein frame, 
using a wattmeter. However, in many cases there are 
certain advantages, such as increased sensitivity and 
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greater frequency range, in making these loss measure- 
ments by a bridge method. For measurements at low 
flux densities and at high frequencies, the bridge method 
has been used successfully for many years. However, 
at inductions above 10 to 12 kilogausses in nonoriented 
silicon steels or 16 to 18 kilogausses in oriented silicon 
steels, experience has shown that core-loss results ob- 
tained with the bridge method differ considerably from 
those obtained with the wattmeter. The difference in- 
creases rapidly with the increase in induction. The 
bridge method always indicates larger power losses. 

The discrepancies between results obtained at high 
flux densities by the two methods have been correctly 
attributed to harmonic components in the exciting cur- 
rent. However, previous attempts to obtain agreement 
between the two methods have been unsuccessful. The 
present investigation provides a method for obtaining 
a harmonic correction term for the bridge, resulting 
in excellent agreement between the bridge and watt- 
meter even when the flux density is high. 

In this study, a Maxwell-Wien circuit was used for 
convenience, although the results obtained can be ap- 
plied to any type of bridge that can measure the im- 
pedance of an iron-cored coil. In this circuit, an iron- 
cored coil forms the primary winding of an Epstein test 
frame which contains strip samples of the material the 
core loss of which is to be measured. The product 
arms of the bridge are high-quality resistors; the bal- 
ancing arm consists of a variable capacitor and resistor 
in parallel. The power source is an electronic oscil- 
lator and amplifier whose output voltage has a negli- 
gible amount of harmonic distortion. The detector for 
the bridge balance is a high-quality wave analyzer 
tuned to the fundamental frequency. This wave an- 
alyzer is also used to determine the fundamental and 
harmonic voltage drops across a known resistor in 
series with the Epstein frame. 

Analysis of the bridge circuit when one arm con- 
tains a nonlinear impedance (iron-cored coil) shows 
two important results: 

(1) The equivalent circuit of the nonlinear imped- 
ance may be represented as consisting of energy dissi- 
pating elements plus energy delivering elements. The 
representation of an iron-cored coil merely as a linear 
energy dissipating element is valid only at low in- 
ductions. 


Measuring ferromagnetic core loss at high flux density 
by means of the newly developed technique. By correct- 
ing for harmonic components of the exciting current, 
accurate values can be obtained at high flux densities 
with the a-c bridges commonly used with good results at 
low inductions. 
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Maxwell-Wien bridge circuit for measuring core loss, using an Epstein test frame. 


the bridge arm for use as a reference standard. 


A wattmeter is incorporated in 


This circuit permits direct comparison between the wattmeter and 


bridge methods under identical conditions. By using this circuit, and determining and applying the harmonic 


correction term, excellent agreement between the two methods can be obtained at high flux densities. 


Equivalent circuit diagram of the circuit. 


Right: 


(2) The resistance of that part of the circuit external 
to the four arms of the bridge, which includes the re- 
sistance of the power source, must be taken into consid- 
eration when calculating the power loss in the iron- 
cored coil. 

By applying these results, it can be shown that the 
power dissipated in the iron core is the difference be- 
tween the apparent power delivered to it by the source 
at fundamental-frequency current and the power dissi- 
pated in the resistive elements of the circuit due to har- 
monic-frequency currents. The latter power is called 
the “harmonic” power term and must be determined in 
order to obtain the power dissipated in the iron core. 
The harmonic power term is small in cases where the 
harmonic currents are small, but at high flux densities 
this term may be several times as large as the actual 
power dissipated in the iron core. In other words, the 
result would be in error by several hundred percent if 
the correction were neglected. This error may occur 
with any method that determines core loss in terms of 
the in-phase component of impedance at fundamental 
frequency, including bridges and alternating-current 
potentiometer. 
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The wattmeter method is satisfactory and accurate 
at power frequencies for sufficiently large samples of 
materials, and is believed to measure the true core loss 
even with a distorted current. Consequently, in order 
to check the validity of the harmonic correction analy- 
sis, a wattmeter was used as a reference standard for 
comparing the results obtained with the bridge method. 
The wattmeter was inserted in the same arm of the 
bridge as the Epstein frame. The current coil of the 
wattmeter was connected in series with the primary 
winding of the frame, and the potential coil connected 
across the secondary. 

This circuit incorporating the wattmeter has several 
advantages in studying bridge measurements. Meas- 
urements can be made on a specimen by using the 
wattmeter and bridge simultaneously, with exactly the 
same induction in the specimen, and with the same ex- 
citing current having identical wave form. Thus, the 
circuit permits a direct comparison of the two methods 
under identical conditions. 

Using this circuit and determining and applying the 
harmonic correction, excellent agreement between the 
results of measurements with the two methods was ob- 
tained for inductions as high as those for which the 
wattmeter is considered to be accurate. 


For further technical details see Investigation of an 
alternating-current bridge for the measurement of core 
losses in ferromagnetic materials at high flux densities, 
by I. L. Cooter and W. P. Harris, J. Research NBS 57, 
103 (August 1956) RP2699. 


Circuit diagram for an Epstein core-loss test using a 
wattmeter to obtain total core-loss measurements of strip 
samples of ferromagnetic materials. 
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Portable Frequency Standard 


SMALL, compact frequency standard that requires 
only periodic connection to a commercial power 
line has been developed at the Boulder Laboratories of 
the Bureau. The standard was devised by A. H. Mor- 
gan of the NBS radio standards laboratory under the 
sponsorship of the U. S. Army Signal Corps. 
Adapted for use in this unit is the principle of the 
latent-heat stabilization method for controlling en- 
closed-space temperature, developed by Robert Alvarez 
of the NBS Chemistry Division.‘ Using diphenyl at 


its double-point (about 70° C); i. e., at a tempera- 
ture where it exists as a mixture of solid and liquid, 
a temperature stability of a few hundredths of a degree 
centigrade was obtained. The oscillator stability was 
+] part in 10% over a period of several hours. 


The instrument is expected to prove valuable for air- 
borne use and in other cases where a stable but port- 
able frequency source is required. Until now, all fre- 
quency standards of this precision have been large and 
bulky and have required continuous connection to a 
commercial power line. 

The apparatus consists of a transistor crystal- 
controlled oscillator and a two-stage transistor buffer- 
amplifier which are operated continuously from four 
small mercury cells contained in the bottom compart- 
ment of the standard. All components of the circuit 
are enclosed in the diphenyl oven which maintains them 
at a constant temperature. 

Surrounding the diphenyl is an electric heating coil 
controlled by a microswitch. When the diphenyl is 
heated it increases in volume and presses against the 
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bottom of bellows located in the inner compartment. 
This movement of the bellows closes the microswitch 
and opens the heater circuit. The heater can be ad- 
justed to operate at varying degrees of temperature by 
a shaft that controls the height of the upper contact 
point of the microswitch. Heat losses from the oven 
are reduced by a heat radiation shield and a vacuum 
insulation space. 

After the oven temperature has been stabilized at 
the double-point temperature of the diphenyl, the unit 
may be disconnected from the power source that sup- 
plied the initial heat, and operated for several hours on 
temperature without external power connections. 

External controls are provided on the developmental 
model to adjust the oscillator frequency (coarse and 


The portable frequency standard 
(left) is shown partially disassem- 
bled at right. The upper unit is the 
compartment containing the oscil- 
lator and _ buffer-amplifier. Note 
heat fins and bellows. The lower 
can contains the diphenyl. The 
various nested compartments are 
shown in exploded view at center. 


fine frequency controls) ; the oscillator tank capacitor 
for best output voltage; and the oven temperature. An 
inexpensive, commercial, 1—Mc quartz crystal is used 
to control the frequency of the oscillator. The output 
voltage is about 400 mv into a 600-ohm load. 

Silicon junction transistors were chosen for the 
oscillator and amplifier because of their ability to oper- 
ate at high temperature (up to 150°), whereas ger- 
manium transistors cease operation around 80° C. 
The over-all efficiency of the oscillator and amplifier 
is around 78 percent (input power from mercury cells 
is 7 mw and matched load output power is 5.4 mw). 


*Constant-temperature oven for quartz crystal oscil- 
lator, NBS Tech. News Bul. 40, 59 (April 1956). 
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FATIGUE TESTING MACHINE FOR SPRING WIRE 


A recently constructed machine for fatigue-testing 

small diameter wire is proving very useful in 
studies of spring materials. Developed by J. A. Ben- 
nett and H. C. Burnett of the Bureau’s mechanical 
metallurgy laboratory, the machine stresses the straight 
wire sample in reversed torsion, simulating ihe 
stresses in a coiled spring under fluctuating tension or 
compression load. Results obtained with straight wire 
in this way show good correlation with the results of 
fatigue tests on compression springs coiled from sim- 
ilar wire. 

Because helical springs are often used in applications 
where they are subjected to many cycles of fluctuating 


Machine developed for fatigue-test- 
ing small-diameter spring wire. The 
device tests straight wire samples 
under conditions corresponding to 
actual use in a spring. The two 
ends of the wire specimen (A) are 
held in individually oscillating grip 
heads (B). The amplitude of de- 
flection of the specimen is deter- 
mined by the setting of the adjusta- 
ble coupling (C). Upon failure of 
the specimen, the rubber coupling 
(D) retracts the right grip head, 
thus opening the microswitch (E), 
which stops the machine. The 
counter (F) gives the number of os- 
cillations to failure. Inset shows the 
two grip heads with pointer and dial 
attached to the test wire. The 
pointer-dial combination indicates 
the twist per unit length, and thus 
torsional strain on the specimen. 


load, their fatigue properties are of major importance. 
To provide data in this area, the Army Ordnance Corps 
has for several years sponsored a study of the fatigue 
properties of spring materials at the Bureau. How- 
ever, fatigue tests on compression springs are time 
consuming, and special care is required in coiling, 
grinding, and measuring the spring before test. The 
present machine was designed to determine the tor- 
sional fatigue properties of spring wire without need 
of coiling the wire into springs. Setup time is thus 
greatly reduced as the ends of the straight-wire speci- 
mens need only be bent at right angles. 

The machire consists essentially of two alined grip 
heads that hold the wire specimen while they oscillate 


individually through an angle of about 120 deg. The 
amplitude of deflection in the specimen is set by means 
of an adjustable coupling that shifts the phase relation 
between the oscillating grips. 

The torsional strain for various settings of the adjust- 
able coupling is determined by means of a clip-on 
dial-and-pointer combination. The dial and pointer 
are clipped onto the test wire with a predetermined sep- 
aration (usually 1 in.). Thus, when the two heads 
rotate relative to each other, the pointer gives a dial 
reading of twist per unit length in test specimen. 

A rubber coupling in series with one of the grip heads 
provides a small amount of tension on the specimen. 


When the specimen fails, the rubber coupling retracts 
the head and thus opens a switch that stops the machine. 
The number of oscillations at failure is then given by a 
counter that is driven through a reducing gear assem- 
bly attached directly to the motor shaft. 

Power is provided by a 1/20-hp electric motor. The 
motor causes rotation of a horizontal shaft which is con- 
nected at one end to a second horizontal shaft by the 
adjustable coupling previously mentioned. The free 
ends of the two horizontal shafts are connected to the 
shafts of the grip heads by crank mechanisms in such a 
way as to cause oscillatory motion of the grip heads. 
Thus, by adjusting the coupling, the relative motion of 
the two heads can be controlled. 
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